Abstract-This paper presents a novel method by regulating the height of a crn camera to measure the width and height of a targeted object. That is, three-dimensional measurement can be obtained with the use of a single crn camera. To facilitate the measurement using various kinds of crn cameras, parameters pertinent to the cameras can be established via a proposed mechanism in this paper. As a result, any kinds of CCD cameras can be used to perform three dimensional measurement of a targeted object via software implementation of the proposed measuring method. No changes to the circuits or structure of the camera are required.
INTRODUCTION
There are generally two ways for measuring distance: contact and non-contact approaches. For non-contact measurement, various solutions can be used, like ultrasonic distance measurement [1] - [2] laser reflection methods [3] . Because these two methods use the theory of reflection, object reflectivity plays an import role. If the reflection surface is undesired, the measuring system generally performs poorly or not at all. On the other hand, image-based measuring systems based on pattern recognition or image analysis techniques [5] - [6] generally demand huge amount of storage capacity and high-speed DSP processors, which inevitably imposes a critical constraint for practical applications. To overcome the problems and difficulties encountered by the existing techniques, an image-based measuring system without complex calculation entitled Image-Based Distance Measuring System (IBDMS) is presented in this paper.
The configuration of the proposed IBDMS [7] - [9] is very simple, consisting of only a single CCD camera and two parallel laser proj ectors beside the camera. Because the disposition of the laser projectors and the optical origin of the CCD camera, which form a straight line, two laser-projected spots will appear on the same scan line in a CCO image. As a result, processing a single scan line, rather than the whole image, is only required to identify the projected spots in the CCO image. The methods of computing complex video signals of a whole image via either pattern recognition or image analysis are therefore no longer required. Based on an established relationship between the distance and pixel counts between the projected spots on a CCO image, 3-dimensional measurement of a distant object can be obtained via this proposed method. Note that the method proposed in this paper is quite different from those which use two CCD cameras [10] - [11] during the measuring. By regulating the height of a CCD camera, only one CCD camera is only required to overcome the problem of image loss [12]- [13] . Because the same parameters are used for taking pictures through out the measurements before and after the regulation of the ceo camera, thus we are able to increase the accuracy of the measurement. The image of the targeted object in images changes, when the CCD camera goes straight up or down. Therefore, by using a vertical scan line, we are able to know the image movement without the need to process the whole image. Knowing the variation of pixel counts in the images because of the camera movement, we can obtain threedimensional measurement of the targeted object by using the proposed method. Practical experiments will be conducted in this paper to validate the effectiveness and viability of the proposed approach. The paper is organized as follows. Section 2 introduces the distance measuring method. The proposed three-dimensional measurement is described in Section 3. The determination of intrinsic parameters for digital cameras is given in Section 4. Experiment results are presented in Section 5. Conclusions are drawn in Section 6. camera is M, resulting a pixel variation of M in the image. To better explain the proposed approach, the observation of image in Fig. 3 from the vertical angle is re-drawn as Fig. 4 , where the relationship between the pixel variation MY , camera movement M, view angle (}v' and distance from the targeted object HK can be better perceived.
II. THE DISTANCE MEASURING SYSTEM
III. THREE-DIMENSIONAL MEASUREMENT VIA THE PROPOSED APPROACH While the photographing distance is HK' the height of triangle (PO,PL,P R ) will be H K . The distance between P L and P R is the maximal real-world distance covered by the vertical view angle 2Bv. Previous research [7] - [9] has already shown that the scan time between two points in the image is proportional to their corresponding distance. As far as CCD camera is concerned, pixel counts and distance between P L and P R are in direct proportion. Based on the relationship among the pixel variation MY and camera movement M , Lv (max) can be expressed as follows: 2 Movement of the objects in images due to the movement of the CCD camera.
of the movement can also be obtained via settings of switches SW 1 and SW 2 . When the CCD camera moves along the vertical direction, the object in images will according move vertically as shown in Fig. 2 , similar to the distance measuring systems [10] - [11] using the two CCD cameras. In this paper, a single CCD camera is only used, which circumvents the problems of measuring inaccuracy due to different camera parameters during the measurement. The convenience of the proposed approach where movement of the camera is directed along the vertical direction also contributes to the measurement accuracy. Other similar measuring systems include the triangular measuring method and parallel measuring method [8] - [9] . These two methods, however, have to use two laser projectors for projecting laser beams onto the targeted object similar to an optical ruler, based on which measurement of distance can proceed. This fixture of the CCD camera together with the laser projectors is not easy to install. The projection of laser beams also requires extra electricity supply.
No matter the observations are made either from the horizontal or vertical view angle, the photographing distance between the CCD camera and the targeted object remains the same, i.e. H KV =H KH . The formula of the maximal real-world distance LH(max)when viewing from the horizontal direction can be expressed as:
, where H s is the distance between CCD camera and optic origin, and 2B v is vertical view angle of the CCD camera. H s and Bv are the intrinsic parameters of measurement. How H s and Ov can be accurately derived for various kinds of CCD cameras will be fully elaborated in next section so as to achieve a better measuring accuracy. As shown in 
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When the CCD camera is vertically moved for M, objects in the image will move as well in terms of pixel variation. As shown in Fig. 2 , the movement of the object in the image is measured and represented as M pixels. In what follows, we will describe the relationship between M and MY in detail. t the angle of viewH Fig. 3 Distance measurement via the proposed approach. Fig. 3 illustrates the image from the horizontal (view H) and vertical (view V) view angles respectively for a single image. Note that a single CCD camera, rather than two CCD cameras, is used at the same. The movement of the CCD 
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, where NH(max) is the maximal pixel numbers in the horizontal scan line of the CCD camera and 20 H is horizontal view angle. As results, (2) stands for the photographing distance between the CCD camera and the targeted object (Z direction). (3) and (5) represent the height (Y direction) and width (X direction) of the targeted object, respectively. By doing so, three dimensional measurement of a distant object can be obtained by using only a single CCD camera via the proposed measuring method.
In an attempt to validate the performance of the proposed approach, a Panasonic OMC-LXl CCO camera is used in this paper for all the experiments conducted. The measuring parameters associated with the CCD camera include Hs =0.4 em, cotOv =2.82, and cot()H =2.11. The horizontal and vertical resolution in terms of pixels of the CCD camera are NH(max) = 3264 and Nv(max)= 2448 , respectively. When these measuring parameters are available, the height and the width of the targeted object in addition to the photographing distance can be obtained via the proposed method. Without making changes to the structure of the CCD camera, the proposed measuring system can easily achieve the objective of threedimensional measurement of a targeted object by moving the camera straight up or down. 
IV. DETERMINATION OF THE INTRINSIC PARAMETERS FOR CCDCAMERAS
A set of intrinsic parameters of the CCO camera are required for using the proposed distance measuring system, including H s , Bv, 0H' To improve measuring accuracy, a proposed measuring scheme is proposed in this section for identifying these parameters.
As shown in Fig. 5 , when the horizontal scan line of the CCD camera is parallel to the horizontal ruler, we have
indicating the measuring parameters are established from the horizontal view angle. Turning the CCD camera 90 degrees, the measuring parameters are then established from the vertical view angle, i.e. Ox = f1;
2(Hm, -Hm,)
V. EXPERIMENT RESULTS As shown in Fig. 1 , the proposed measuring system moves the CCD camera with a specific distance in the vertical direction for obtaining the measurement of a targeted object. Measurement results and photos during the experiments are presented below.
Because of this functionality, we can obtain the dimension of the target object through the images that we acquire. As shown in Figs. 8 and 9 , the scales of the ruler reveal the units in measuring width and height of the target object. Furthermore, distance between the CCD camera and the target object is also shown in this figure. 
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In Figs. 8 and 9 , two vertical cursor lines can be used to locate the horizontal width (distance between points C I and C 2 ), and two horizontal cursor lines can be used to locate the vertical height (distance between points Al and A 2 )· d v and d H represent the units of the ruler for measuring vertical and horizontal distance, respectively, while HK represents the distance between the CCD camera and the target object.
Because we might magnify and print the picture, the ruler's unit can be arbitrarily altered, depending on the resolution of distance that we want to measure in the photo.
From (1) and (4), 4(max) and LH(max) represent the maximum vertical and horizontal distance, respectively. Therefore, the vertical and horizontal distance per unit can be respectively obtained as: o 1 2 3 4 5 6 7 8 9 10 1112 As demonstrated in the experiment results, the measurement accuracy via the proposed system has been significantly improved in comparison to the IBDMS (ImageBased Distance Measuring System) [7] - [9] .
VI. PRACTICAL APPLICATIONS
In this paper, we obtain the distance between the CCD camera and the target object through the CCD camera vertical displacement M . We can also calculate the height and width of the target object. Therefore, we shall be able to affix a ruler for labeling the horizontal and vertical distance scales in the image. As a result of this, a photograph contains not only the image captured but also the distance information as well.
, where K v and K H are the total number of units on the luler's scale in the vertical and horizontal direction, respectively.
calculate the photographing distance as well as the height and width of the object. Because of the proposed method to accurately determine the intrinsic parameters for various CCD cameras, any camera can therefore be adopted to obtain satisfactory results of three-dimensional measurement via the proposed method. As demonstrated in the experiment results, distance information can be easily incorporated into the photos taken. On the basis of the existing research results, the next objective of the research team is to investigate as to how automatic distance measurement can be achieved based on only one vertical scan line. . , . From Figs. 10 and 11, we can obtain the distance between arbitrarily designated points through the setting via vertical and horizontal cursor lines. Measurement results are shows in Table 4 and 5.
VII. CONCLUSION
In this paper, we have proposed a measuring system based on the movement of a CCD camera along the vertical direction. Neither extra distance-measuring sensors nor physical measuring rulers are required to achieve a satisfactory measurement via the proposed method. As long as the camera movement becomes available, we can determine the pixel counts for a targeted object due to the camera movement to 
